The unit weight, as a basic physical feature of soil, is an elementary quantity, and knowledge of this parameter is necessary in each geotechnical and geo-engineering task. Estimation of this quantity can be made with both laboratory and field techniques. The paper comprises a multi-scale evaluation of unit weight of cohesive soil, based on several measurements made in nearby locations using the SCPTu static probe. The procedures used were based on the two classifications and two solutions from literature. The results were referenced to the actual values of unit weight determined with a direct procedure from undisturbed samples. The resulting solutions were the basis for proposing a new formula to determine the soil unit weight from SCPTu measurements, as well as comparative analysis using exemplary values taken from the national Polish standard.
INTRODUCTION
The CPTu static probing is a common research technique applied in identifying a soil sub-base in situ. Additional expanding it by a seismic module (SCPTu) increases its cognitive capabilities for both physical and mechanical characteristics of the tested soil profile. The study analyses the possibilities of using the aforementioned research techniques in indirect determination of basic physical feature of soil, which is the unit weight. Knowledge of this parameter is necessary in calculating overburden stresses in the soil , ) , normalized interpretation values (e.g. Q t , F r , B q ) as well as other values describing the condition and deformability of soil (e.g. I D , G o , ν, s u ) correlated with CPTu/SCPTu measurement quantities, i.e. the cone resistance (q c ), sleeve friction (f s ) and pressure rise (u 2 ).
The unit weight values can be obtained by direct method from undisturbed samples or indirectly from correlations based on the CPTu/SCPTu measurement. The first method is based on drilling and collecting samples, individually for each layer in the profile, however it is a complicated, time-consuming and costly process. Therefore, the interpreters usually use ready-made interpretation correlations which determine the unit weight on the basis of values measured in situ from probings (q c , f s and u 2 ). Values obtained in this way in further interpretation analyses are repeatedly applied in subsequent interpretation equations used for determining various features. The unit weight adopted improperly in the first steps of the interpretation may affect parameters determined indirectly, e.g. deformability and strength of soil.
In this study several procedures were used for determining the unit weight on the basis of CPTu/SCPTu tests (Lunne et al. 1987 , Mayne 2007 , Robertson and Cabal 2010 , Mayne 2014 . When selecting computational formulas the focus was on applying them for cohesive soils. The results were referenced to actual values of unit weight determined by direct procedure from undisturbed samples.
Attempts to verify the actual unit weight measurements in relation to solutions described in literature were previously conducted in Poland by Młynarek (2013) . However, they concerned only coarse-grained soils, therefore -in the author's opinion -it is important to try to investigate whether and how the literature correlations perform locally in evaluation of fine-grained soil.
Selected methods for determining soil unit weight
The first proposal for determining the unit weight on the basis of CPT probings was presented by Lunne et al. (1997) (Fig. 1) . The authors suggested, based on SBT zones in the classification of Robertson et al. (1986) (Fig. 1) , the deterministic relationship of individual SBT zones with specific values of soil unit weight. In other words, for a particular type of soil, regardless of its condition, a specific value of unit weight was assigned (Fig. 2) .
In subsequent publication Robertson and Cabal (2010) A different methodology for evaluating the unit weight using CPTu static probing was proposed by Mayne (2014) . The derived formulas were created on the basis of a large number of diverse samples of soil, from coarse-grained to finegrained ones (Fig. 4) . The unit weight variability was dependent on the value of sleeve friction -f s , measured during the CPTu test, using equations (2) and (3). In addition, Mayne (2007) also proposed a different formula based on the seismic recognition, e.g. SCPTu, which during the classical measurement with a piezocone also allows one to determine the shear wave velocity in the soil. In this case also, the basis for the formulation of equation (4) were test results from a large group of soils, both coarse-grained and fine-grained ones (Fig. 5) .
where: V s -shear wave velocity (m/s); z -depth (m).
The four literature methods applicable for evaluating soil unit weight may be used for all types of soils. In the study they were referenced to the actual research on cohesive soil from the southwestern region of Poland.
Measurement data from the research zone
In order to evaluate the unit weight -six static probings were made with seismic module (SCPTu) and three CPTu static probings. For verification purposes eight samples of undisturbed soil were taken from boreholes using a plunge sampler. In the laboratory the samples were sub- Additionally, thanks to the seismic module equipped with accelerometers, accelerations of soil vibrations induced on the ground surface were recorded at various depths (Fig. 9) . The measurement and interpretation of performed tests were carried out according to the technique described in the work of Bagińska et al. (2013) . Recordings from particular neighbouring depths were "overlapped" onto each other, thus obtaining time differences in the arrival of shear waves. The shear wave velocity was calculated as a quotient of difference in the measuring module depression depth to the difference in time of transverse wave arrival at both depths.
As a result of the grain size analysis performed in the laboratory on eight samples taken from depths (4 to 8 m) 
ANALYSIS OF TEST RESULTS AND THEIR VALIDATION
The first stage in the analysis of the test results was to reference the received actual unit weights of natural soil to estimated values of unit weights for similar soils from the national standard PN-81/B-03020 (Fig. 10) . Results depending on the natural humidity proved to be very similar in terms of the considered natural humidity.
The second stage of the analysis was the verification of the author's soil unit weight results in relation to quantities determined in accordance with literature methods.
On the nomograph of Robertson et al. (1986) (Fig. 7) as well as Robertson and Cabal (2010) measurement points were placed (Fig. 11) , obtained from the averaged measured values q c and f s at depths from 4 to 8 m below ground level. By analysing the position of each of the points in individual SBT zones and γ/γ w -two unit weight variation graphs were obtained in relation to the depth. The next step was to use the equations (1), (2), (3), (4) and calculate the unit weight analytically in accordance with guidelines of each method.
Results of the unit weight evaluation obtained by literature methods along with actual values are presented in Figure 12 .
Unit weight values determined directly from undisturbed samples turned out to be approximately 20% higher than the values calculated by literature methods, which gave similar results with respect to each other. This may indicate a very close affinity of soils for which the literature methods were established.
To check the dissimilarities in characteristics of the native soil from the area of south-western Poland the author's results were placed on the Mayne charts (Fig. 13) .
Graphic illustration in Figures 11  and 12 , presenting the real estimation of unit weight for the cohesive soil being evaluated, allowed one to formulate and propose new correlation equations FIGURE 10. Dependence of unit weight on moisture for cohesive soils according to PN-81/B-03020 along with the author's test results best suited to the literature data (Fig. 12 ) and the actual measurements (Fig. 11) . In this way, the validation of proposed solutions was performed both on values determined locally and those established from literature data. 
